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HYPERSONIC AIRBREATHING VEHICLES/TECHNOLOGIES 
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HYPERSONIC AIRBREATHING VEHICLES/ 

TECHNOLOGIES 
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Enhancing, cutting-edge technologies 



The hypersonic airbreathing vehicles matrix being explored in Langley’s Hypersonic 
Vehicles Office, Systems Analysis Office (HVO/SAO), is presented in the first figure along 
with the airbreathing corridor in which they operate. It includes endothermically fueled 
theater defense and transport aircraft below Mach 8 as well as cruise missiles. Above 
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THE HYPERSONIC AIRBREATHING MATRIX... 
VEHICLES, APPLICATIONS, AND FLIGHT ENVELOPE 
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Speed (kilofeet per sec) 



A definitive design/performance study was performed on a single-stage-to-orbit (SSTO) 
airbreathing propelled orbital vehicle with rocket propulsion augmentation in the Access 
to Space activities (Ref. 1 and 2; Option III Team) during 1993. A credible reference 
design was established, but by no means an optimum. The results (Ref. 3) supported the 


o 

s : 

H * 

in * 

T- O 

« ■§ 

.E c 

n £ 
O w* 

* s 

(B .2 

a B 

o .E 

a o 


0 K 
A h 

= a 

1 E 

• i 

2 o 

ai 

? ° 
o ® 

o s; 

.£ 1 

V) O 

.2 £ 
0 ) ® 
o > 

o * 

c • 
5 « 

O o 

® 8 
** n 

® ® 
£ O 

** a 
•o & 
c ® 
a o) 

2 1 
V) £ 
<A a 
w ® 


2. a 


in w 

" E 

£ c 

a 2 
o w 

2 2 

** o 

a) 5 
c £ 

.2 o 

® E 
■o 3 

M O 

a t* 
5 a 
® £ 

o ■o 
*= a 

2 ? 

w I 

§ 0 ) 

s 


H 2 


* £ 
■o o 
® o 

n ® 

. 5 ? > 
2 a 

W 

^ ® 
B 10 
$ C 

® g 

o a 
< ■ 
s s 


it 

>1 

J * 

•s a 
ts 

® 3 
> C 

1 2 
? in 


> o 

■o 2 

O 3 
£ 0) 


s > 

- s 

E a 

1 i 

1 8 

a a 
■o « 

0 £ 

a *• 

5 £ 

f 5 

2 * 
3 O 
+* £ 
a a 

&.2 

1 2 

1 S 

® a 

6 a 

■o g 

® ® 


0 a 5 a 

"■ * a - 

g .E i £ 

5 w 8) *5 

« 2 ® c 
a £ 9 .2 

« £ tt n 

5 ** S a 

J ! h 3 
w 05 O £ 

b r ^ s 

2 £ o 
“ 

1 I 6 ! 

♦* > s 
o . o ® o 
a 2? % a 
> in 2 re 
£ v E £ 


E 

0 
a 
« 

K . 

£ 3 

re ®> 

1 ^ 

s a 

(A 3 
c 

el a 


£ a 
(A £ 

® £ 

2 re 

2 3 
Q. ff 

(A -o 

0 3 
£ ® 

a X 

a 

a * 
O (A 
O < 

< Z 


568 


Ref. 3 Hunt, J. L.: Airbreathing/Rocket Single-Stage-to-Orbit Design Matrix. AIAA Paper 
95-601 1 presented at the Sixth International Aerospace Planes and Hypersonics 
Technologies Conference, Chattanooga, TN, April 3-7, 1995. 



AIRBREATHING SPACE ACCESS CONFIGURATION 

MATRIX EXAMINED 
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- Cold-integral fuel tank structure 
(GrEp) with adhesively-bonded TPS 

- Underslung ram/scramjet 

- Trailing-edge mounted rocket 
(augmented expander with linear nozzle) 


The airbrealhing corridor to Mach 25 and the engine mode changes experienced in this 
acceleration process also characterize this aerospace plane. A representative ascent 
trajectory for the A/R SSTO vehicle is presented in the accompanying figure including 
indicators for propulsion mode events. Most of the airbreathing propelled ascent is along 
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ASCENT TRAJECTORY FOR SSTO 
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Mach 



The baseline A/R SSTO vehicle closure weights for the previously described mission are 
presented. The takeoff gross weight (TOGW) is 702,000 lbs.; the dry weight (DW) is 
1 76,000 lbs. Adding a 1 5% dry weight growth margin, as specified in the Access to Space 
Study, increased the TOGW to 917,000 lbs. and the DW to 239,000 lbs. (Ref. 1 and 2). The 
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CLOSURE WEIGHTS FOR A/R SSTO REFERENCE VEHICLE 

Graphite/epoxy integral tank structure with Rohacell insulation 
(FRCI-12TPS on windward surfaces andTABITPS on upper surface) 
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+15% Dry 

Weight Growth Margin 



The horizontal takeoff/horizontal landing airbreathing space-access performance 
potential pursuant to the baseline configuration space and technologies is presented in 
the accompanying figure for SSTO’s, 2STO’s, and 3STO’s flying to a low earth, easterly 
orbit. All payloads and/or upper stages are mounted internally and the vehicle weights 
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SPACE-ACCESS PERFORMANCE POTENTIAL 

(Horizontal Takeoff/Horizontal Landing; Payload or Upper Stage Mounted Internally) 

(Low Earth, Easterly Orbit) 
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AIRBREATHING REUSABLE SMALL LAUNCH SYSTEM 

(ARSLS For X-34 Type Missions) 
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ARSLS, AIRBREATHING BOOSTER VEHICLE 

(Mach 8 Staging) 

Vehicle Layout 



IrtUgrftJ Hydrogen Tanks 


Two design trades were made on the Airbreathing Reusable Small Launch System 
(ARSLS). The LOX ejector ramjet mode was replaced with an integration off an Air Core 
Enhanced Turboramjet (AceTR) in an “over” position with the dual mode scramjet in the 
“under” position. Runway takeoff was also examined as opposed to the Mach 0.8 launch 
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ARSLS DESIGN TRADES 
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Note: AceTR is Air Core Enhanced Turboramjet 
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COMPELLING REASONS FOR AIRBREATHING SSTO 

AND 2STO (LH2/SH 2 ) VEHICLES 



0 

o 

<D 

> 

0 

E 

8 " 

If 

tr 0 
0 (0 
> 0 
•— o 
a> a 
■o 0 


T 3 

c 

(0 


0) 

o 

(0 

a 

0 

•o 

c 

(0 

a> 

in •— 


A 

o 

a) 
o> 

2 El 

° Q. 
O CO 

e <■> 
o >* 
0 t 


O) 

© 

T3 

(0 

O 

>* 

(0 

a. 

O 

(A 

E 

0 


a> £ 

g;s= 

.e 0 

c: c/> 

go 

o c 

•3 o 

CO CA 

>_ i— 

cd a> 

Q. Q. 
O 3 
CA 


C « 


CO 

0 C 

o 0 
g o 

CO Q. 

E CD 

o j? 

*♦— co 

0 - 1 

0 - . 


© -9 

f 1 

1-1 

4-^ U 

0 O 
O CA 
TJ £ 
C 3 
UJ (/) 


0 

«*V 

*-> 

c 

0) 

o 

a 

5 

o 

>*■3 

^ c 

■ MB 

3 J 

X O 

i> i 

u- 0 

ft 0 

0 O) 

1 0 

0 _l 


0 
t— 

0 

> 

3 
0 
c 
0 

E 

•o 

0 

0 
5 
o 

Q. 

*3) 

C 

»— 

0 
w 

0 

a 
0 
o 

E 

0 
O 
■D 
C 
0 

£ >* 
U)~ 

g!5 

■1 §l 

•p- *■* 0 

*9 0 0 
a. c ® 

BS m O) 
0 


£ 

o 

■o 


0 

*o 

c 

0 

Q. 


£ >. 8 
0 S S 
05 O) 

.E 0 c 
0 ) 0 ." 
C 0 3 
0 0-0 

O 

0 


S 5 

«- o 

0 fll 

tr% w 


CO 


CO Z w 

«^i u II) 

3 is o 

w Q, U 

£ _ o 

O 0 fl> 

C£ S) 

3 J2 u 

co Jr cq 

_i O -i 


o 

•o 

c 

c 0 

.2 CL 

•3 0 

O 

3 " 
■o 0 
0 3 

DC -g 

CO O 


2 0 

■9 X 3 

.0 0 
£ .2 
3 ® 

.X £ 
0 Q. 
** 0 

0 © 
C E 

o <5 
- S 

I- 3 

o c 

X LU 


CO 


O) 

c 

c 

0 

0 

4-4 

c 

o 

N 

•an 

o 



0 


a> 


* 


CQ 

O 


0 

A 

15 

>* 

c 


0 

•O 

N 

0 

i_ 

*c 

0 

0 

£ 



O 

CO 

a 

0 

£ 

0 

IV 

5 

*5> 

0 

+* 

■— 

c 

TJ 

0 

C 


0 

0 

> 

0 

0 0 
0 3 

gS 

C X 

5 0 
o *- 
c - O 

0^2- 

E § > 

| 

IIS 

LU • . 


0 

in 

c 

0 
+-» 

CQ 

Im 

0) 

Q. CO 

Z I 

0 ~ 

2? 

f o 

1 7 
« 2 E 

* BS 

O 3 


0 


8.0 o 
o . . 


582 



Switching from Space Access to Endoatmospherics, the configuration matrix examined is 
shown in the accompanying figure. ..lifting bodies and waveriders. (The lifting body class 
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ENDOATMOSPHERIC CONFIGURATION 

MATRIX EXAMINED 
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Performance for endoatmospheric operations are given in the accompanying figure for 
three vehicles with space access capability... SSTO, 1 st stage of Mach 1 0 2STO launch 
system and 1st stage of Mach 15 2STO launch system...and a Mach 5 waverider, 
hydrocarbon fueled aircraft. The figure indicates that hydrogen and/or slush hydrogen 
fueled, hvoersonic airbreathing launch systems with enclosed payload bays have 
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CONUS-BASED GLOBAL DELIVERY POTENTIAL 

FOR AIRBREATHERS 
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From the previous discussions herein, consider the overall synergistic perspective in the 
adjoining figure. For global reach from a CONUS base, a Mach 10 cruise vehicle has many 
favorable characteristics...quick response, hydrogen fuel to cool and provide long range 
in a reasonably low takeoff gross weight vehicle, and an AceTR low-speed propulsion 
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OVERALL PERSPECTIVE 
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77?/s Staging capability would require a rocket in the tail end of 
the aircraft to perform a pull-up maneuver to reach low dynamic 
pressures for staging. 



Quick response, global coverage from CONUS bases is a vision that emanates from the 
top echelons of the U.S. government/Air Force. In this regard, officials at NASA Langley’s 
Hypersonic Vehicles Office, have recently awarded a contract to McDonnell Douglas 
Aerospace (MDA) to explore designs for vehicles capable of flying at ten times the speed 
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MISSION SCENARK 
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'/ Vehicles for Missions A and B will be designed in Phase I (using similar architectures) 
and merged into one design in Phase II if feasible 
•; The number of in-air refuelings for Mission A are to be optimized 


The baseline technologies on which a lot of the space access and endoatmospheric 
vehicle’s performance potential depends evolved during the National Aero-Space Plane 
(NASP) Program, and the community is indebted to that program for their maturation 
level. But, there is tremendous performance gains to be made by advancing beyond the 
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ENHANCING, CUTTING-EDGE TECHNOLOGIES 
FOR AIRBREATHING VEHICLES 

(Focus on SSTO... Beyond Baseline) 
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Staged combustion cycle incorporating LOX-driven LOX pump (“Hot 
LOX”) with linear, aero-spike nozzle 

Tripropellant-staged combustion cycle with linear, aero-spike nozzle 
Pulse Detonation Wave Rocket (PDR) 




ENHANCING, CUTTING-EDGE TECHNOLOGIES 
FOR AIRBREATHING VEHICLES (Continued) 
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At present, ejector ramjet with constant area sections (Ref. 4— see figure) are operated 
with the ejector rocket running stoichimetric (LHj/LOX) and the ramjet fuel is injected 
downstream of the constant-area-section choke-point at the beginning of the expanding 
subsonic combustor. More thrust can be obtained by operating the ejector rocket fuel 
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EJECTOR RAMJET PERFORMANCE ENHANCEMENT 
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ETAC 



The Air Core Enhanced Turboramjet is a hybrid cross between an air turboramjet and a 
turbojet. It is a regeneratively cooled system that utilizes the momentum off the fuel 
injection for thrust augmentation. Its advantage is a large projected thrust-to-weight 
ratio as given in the accompanying figure. This large thrust-to-weight ratio comes at the 
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TURBINE TECHNOLOGY EVOLUTION 
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Materials availability concerns 



Airbreathing propulsion systems which currently operate in the low subsonic through 
high supersonic regimes are expensive and complex. An innovative propulsion system, 
based on a Pulse Detonation Engine (PDE), is being developed to overcome these 
limitations. 
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PULSE DETONATION ENGINE 
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Rotary Valve Multiple 
Pulse Detonation Engine: 








Neural networks are biologically motivated, highly abstracted data driven computers. 
They are trained rather than programmed...rather than representing a process as an 
algorithm and programming the computer to implement the algorithm, a process is 
represented by observed (or experimentally generated) input/output data and the neural 
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LOFLYTE 

SUBSONIC NEURAL NET DEMONSTRATOR 
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FLIGHT CONTROL 
SYSTEM 




Heat exchangers could have a wide variety of uses on hypersonic airbreathing 
vehicles...from engine heat exchangers that operate on direct and/or indirect (secondary 
cooling loop that requires compact catalytic heat exchangers/reactors) cooling 
principles to low speed oxidizer systems. Also, the propellant on airbreathing/rocket 
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itself to all types of heat exchanger configurations, is being developed in LaRC’s SBIR 
program. 



DIMPLED FOIL HEAT EXCHANGER TECHNOLOGY 

FOR HYPERSONIC VEHICLES 
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In enhancing the airbreathing/rocket SSTO and 2 ST 0 designs, the configuration is extremely 
important. The lifting body that serves as the baseline for this matrix would be a much better 
SSTO if it were designed upside down...inverted lifting body...as shown in the accompanying 
figure. It is simply a much better lifting shape inverted since its profile now looks more like a 
proper airfoil (positive rather than negative camber). Inverted, it would have much greater lift 
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EXTENDED/ADVANCED CONFIGURATION MATRIX 



605 


MagLifter technology is being examined for rail launch and/or takeoff assist technology 
under sponsorship of Code X in NASA Headquarters. Assuming that a MagLifter rail 
device could provide a launch velocity of mach 0.8 at a 25° inclination angle at 10K ft. 
altitude, the baseline A/R SSTO was resized for these launch conditions compared to a 
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IMPACT OF MAG-LEV RAIL LAUNCH ON 
ACCESS-TO-SPACE A/R SSTO VEHICLE 
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Runway Take-Off Mag-Lev Rail Launch 

(Launch at Mach .8, 10K ft., 25° angle) 
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